The study of musical ability has gained considerable traction across disciplines in recent years. In comparison, less effort has been invested in the development of sound measures of musical ability. To redress this gap, we conducted four studies to empirically validate two brief measures derived from the Profile of Music Perception Skills (PROMS)-an exceptionally inclusive battery of musical abilities that takes about 1 h to complete. In the Short-PROMS, test duration was reduced to less than half an hour by substantially reducing the number of trials per subtest. In the Mini-PROMS, the number of subtests was reduced to four, resulting in a battery that takes 15 min to complete. Both measures exhibited good internal consistency and retest reliability. Support for convergent, discriminant, and criterion validity was found across the studies. Additional strengths of the new instruments include their suitability for online administration and a feature called Modular PROMS, which offers researchers the possibility to request customized batteries that may include any combination of the subtests. The role of refining objective assessment instruments in research on music and the mind is discussed.
Introduction
Musicality has long been considered an admirable yet dispensable quality. However, since interest in music has taken off across the natural sciences ( Fig. 1) , musical ability has been linked to an array of nondispensable abilities, including phonological awareness, reading comprehension, working memory, spatial abilities, motor skills, empathy, and general intelligence (see Ref. 1 for a review). Consequently, there is increasing recognition that skill transfer from music lessons may help restore mental and neural functioning in people suffering with impairments such as dyslexia, dementia, or autism spectrum disorder (e.g., Ref.
2).
[Corrections added on August 1, 2017, after online publication: "composite" was changed to "total" in the titles of Tables 2 and 3 ; the citations of references 28 and 29 in the text were switched in 3 places.]
The credibility of this rapidly growing body of findings is contingent on the methods used to assess musical ability. Researchers generally adopt one of two assessment approaches. In one widely used approach, participants are classified as musicians or nonmusicians and the two groups are compared on some outcome of interest (see Refs. 1, 3, and 4 for reviews). When musicians outperform nonmusicians, the result is interpreted as evidence for a link between musical ability and the outcome being studied, such as working memory, spatial ability, or language processing skills (e.g., Refs. 5-7).
One limitation of this approach is that potentially significant gradations in musical ability among musicians and nonmusicians cannot be identified. Nonmusicians may be musical, but their talent may have remained undiscovered, or circumstances may have prevented its development. We refer to these musically untrained but gifted individuals as "musical sleepers." 3 If unrecognized, musical sleepers tend to boost the performance of nonmusicians, just as musicians misclassified as nonmusicians do. This is likely to result in smaller group differences and attenuated effect size estimates for correlates of musical ability. Another difficulty of dichotomizing individuals into musicians and nonmusicians is that the specific musical skills that may be involved in a given advantage that musicians have over nonmusicians cannot be easily identified. A second approach to assessing musical abilities consists of using musical ability tests. One advantage of tests is that they allow measurement of gradations in musical skills among musically untrained individuals. Moreover, tests can be devised to include multiple components, such as subtests for measuring pitch and timing skills. This feature allows for greater specificity in analyses and interpretations than is possible from comparisons between musicians and nonmusicians. Standardized tests can also help determine whether benefits of musical training are due to improvements in musical abilities or to other features of musical training. 1 Although a number of musical aptitude tests exist, their usefulness is limited by several factors. Some tests, such as Seashore's Measures of Musical Talents or Wing's Tests of Music Ability and Appreciation were created over 50 years ago and suffer from gaps in psychometric evaluation, issues in stimulus balance and control, and outdated recording formats (e.g., Refs. 8-14; see Ref. 4 
for a review).
In recognition of these limitations, scholars have recently begun to devise musical aptitude tests with better psychometric, acoustic, and practical properties (e.g., Refs. [15] [16] [17] . Relative to earlier batteries, the number of musical dimensions is reduced (usually to tonal memory, pitch, or rhythm), the number of items per dimension is enhanced, and test stimuli are delivered in timely audio formats. However, the narrow range of musical dimensions included raises concerns about construct underrepresentation (see Ref. 18) . Furthermore, evidence in support of testretest reliability and convergent and discriminant validity is either scant or missing altogether (see Ref. 4 for a review). One extensively validated battery, the Montreal Battery Evaluation of Amusia, was developed to assess amusia rather than variations in musical abilities within the normal range. 19 An obvious way to overcome these limitations is to extend the range of abilities included in a battery and to conduct more extensive examinations of validity and reliability. The Profile of Music Perception Skills (PROMS) is one step in that direction. 3 In developing this instrument, particular emphasis was placed on the inclusion of test componentsalmost completely absent from previous batteriesthat measure discrimination skills for timbre and tuning accuracy. Novel test components were also introduced to assess timing-related skills. For example, the subtest Accent assesses skills in discerning the relative emphasis given to certain notes in a rhythmic pattern and is thus related to stress in speech. The subtest Embedded Rhythms assesses the ability to recognize a percussive rhythmic motif when it is presented as part of a melody. These extensions relative to previous measures resulted in a battery with nine test components: melody, tuning, tempo, rhythm, embedded rhythms, accent, pitch, timbre, and loudness. Different studies have provided evidence in support of the PROMS' reliability and convergent, discriminant, and criterion validity. 3, 20 Despite these advantages, researchers find it difficult to use a test lasting about 1 h when they need to measure several constructs in addition to musical ability or when testing participants with limited attention span, such as children, older adults, or patients. One way to shorten the battery is to use selected subtests only. This strategy was used in the Brief-PROMS, which takes half an hour to complete. 3, 20 However, because it omits subtests that are either key components of musical perception, such as timbre and pitch, or novel ways of assessing musical abilities, as in the Embedded Rhythm subtest, the aim of the current research was to develop a new measure that (1) would preserve the wide range of musical abilities assessed by the PROMS and (2) could be administered in 30 min or less.
Four studies describing its development and validation are reported. Study 1 served as a basis for item analysis and reduction relative to the original PROMS. Study 2 examined the psychometric properties of the PROMS-Short (henceforth, PROMS-S) in a testing facility at the university. Study 3 examined the psychometric properties and several validity indices of the PROMS-S on a larger sample of participants who took the test from their homes via the Internet. Study 4 examined an abridged version of the PROMS-S, the Miniature-PROMS (henceforth Mini-PROMS), which includes half of the subtests of the parent version and takes about 15 min to complete.
Study 1
The goal of study 1 was to reduce the number of items in the PROMS by way of item analysis. Because a complete description of the PROMS has been provided elsewhere, 3 here we recapitulate only some of its most characteristic features. Each of the nine subtests of the PROMS has 18 trials, in which participants are required to judge whether a reference and a probe stimulus are the same. There is an equal number of same-correct and different-correct answers in each subtest. Difficulty levels of the trials are manipulated by decreasing the differences between reference and probe stimuli. 3 For example, in the Accent subtest mentioned earlier, an emphasized note is one in which the intensity is raised by 3 dB relative to the nonemphasized notes. In the easy test trials, intensity changes were applied to most notes so as to increase the probability of alterations being detected. In the more difficult trials, changes in accentuation were less frequent, requiring greater discrimination acuity in order to be detected. In the Timbre subtest, original instrumental sounds were used to produce four-note chords (C4, E4, G4, and C5) in various instrumental configurations. Difficulty levels were manipulated by varying the extent of changes in instrumentation. In the Tuning subtest, the difficulty level of the test trials was varied by subtle manipulations to the E note in the chord, with changes ranging from 50 to 10 cents. In the research describing the development of the PROMS, the subtest Loudness was the only one to be largely unrelated to the other subtests 3 and was therefore removed. The PROMS (minus the Loudness subtest) was administered to 117 undergraduate psychology students who participated voluntarily in exchange for course credit and were tested in two groups at a group-testing facility of the university. The first group comprised 29 participants (17 females and 12 males) who completed four subtests of the PROMS (Melody, Tuning, Accent, and Tempo). All 29 participants of the first group took part in a retest session 5-23 days (mean = 9.31, SD = 4.53) after initial testing. The second group comprised 88 participants (70 females and 18 males) who completed the remaining subtests (Timbre, Pitch, Rhythm, and Embedded Rhythms). Forty-three participants of the second group (32 females and 11 males) took part in a retest session 5-15 days (mean = 10.12, SD = 3.49) after initial testing. Informed consent was obtained from all participants before measurement.
The data were analyzed following general principles of item analysis. 21 Specifically, criteria for item retention included difficulty level, item-to-total correlations, and effects on internal consistency and test-retest reliability. More specifically, to be retained, trials had to exhibit adequate difficulty levels (trials with either ࣘ5% or ࣙ95% correct answers were removed) and have item-to-total correlations of ࣙ0.30 on their respective subtest scales. In addition, trials retained for each scale had to be balanced with regard to their difficulty and to be within 10% of reliabilities reported for scales of the full-length PROMS. Application of these criteria resulted in the elimination of 8-10 trials per subtest, which had the least negative effect on interitem correlations, test-retest reliability, and the balance of difficulty levels. The result was a strongly reduced version of the original PROMS comprising 68 trials, as shown in Table 1 .
In Table 1 , we also report the average interitem correlations for the PROMS-S scales. These can be used to estimate the number of trials that would be needed to achieve a given level of internal consistency reliability by means of the Spearman-Brown prophecy formula. 21 The relevant computations indicated that the trials selected for the PROMS-S were sufficient to yield a test with adequate internal consistency reliability. Taken together, the item analysis indicated that about half of the trials included in the full-length PROMS would suffice for a measure that retains the unique range of musical dimensions of the original PROMS battery.
Study 2
In study 2, we examined how the trials selected for the PROMS-S would perform with a new sample when removed from the context of trials that were dropped. To make the PROMS and the PROMS-S comparable, we included the same questions about extent of musical activity and training that had been used as part of the PROMS' validation.
Methods

Participants.
Participants were 52 psychology students (18 males and 34 females) aged 18-38 years (mean = 22.90, SD = 3.73) who participated voluntarily in exchange for course credits. No participant reported being a professional musician or having a university degree in music (bachelor's degree or higher). Three listeners described themselves as semiprofessional musicians, 20 as amateur musicians, 17 as music-loving nonmusicians, and 12 as nonmusicians. Twenty-six participants (nine males and 17 females), 18-38 years old (mean = 23.27, SD = 4.41), took part in a retest 3-6 weeks after the initial session (mean = 4.42, SD = 2.18).
Materials
PROMS-S.
The number of trials and subtests were the same as described in Table 1 .
Music background.
Musical expertise was assessed with questions regarding (1) listeners' music qualifications (coded: no qualification (0); nonacademic qualification (1); bachelor's degree (2); master's degree (3); PhD degree (4)); (2) their level of musicianship (coded: nonmusician (0); music-loving nonmusician (1); amateur musician (2); semiprofessional musician (3); professional musician (4)); and (3) their years of musical training. Because composites provide more reliable estimates than their individual components, the three variables were z-transformed and averaged, resulting in one z-value indexing participants' extent of musical training and education (α = 0.72).
Procedure
Participants completed a test battery comprising the PROMS-S, the above questions about musical qualification and involvement, and a few scales that are unrelated to the scope of this report. Participants took the battery in a group-testing laboratory comprising six cubicles. On average, four participants were tested within one session. Each participant was assigned to a cubicle and took the test by using Sennheiser HD 380 Pro professional monitoring headphones. Each PROMS-S subtest was preceded by a short instruction page and three practice trials of low to medium difficulty to familiarize participants with the task. The PROMS-S was delivered via Lime Survey version 2.05+, a Web platform. The audio files were set to play automatically on page loading and to be played only once to prevent repeated stimulus delivery in case participants refreshed the page. An additional constraint ensured that participants could not respond to each trial before the test stimuli were presented in full.
On average, the PROMS-S took 30 min to complete (SD = 2.4). Informed consent was obtained from all participants before measurement.
Results
Descriptive statistics and psychometric properties.
We begin by presenting the descriptive statistics for the PROMS-S, subtests, and the whole test. Scoring was the same as outlined in Ref. 3 . In addition to raw scores, we also computed d´scores using the standard d model. 22 As an estimate of internal consistency, we computed McDonald's ω. Omega (ω) is similar to Cronbach's ␣ but offers a more accurate estimate of reliability. 21, 23 Test-retest reliability of the scores was calculated as the correlation between scores on the first session and scores on the second session (see Table 2 ). The subtests were moderately intercorrelated (mean r = 0.49, SD = 0.16), and each of the subtests was substantially correlated with the total PROMS-S score (all rs > 0.55; Table S1 ).
Overall, the values for the entire PROMS-S were excellent, and the values for the subtests were acceptable. As a result of the substantial reduction in the number of trials, the values were somewhat lower than those for the full-length version of the PROMS.
With the exception of the test-retest value for the subtest Tuning, most decreases were limited, and, in some cases, the values even improved slightly relative to the longer version.
Criterion validity. We used the same external indicators of musical training and accomplishment that had been used to examine criterion validity of the PROMS and the Brief-PROMS. 3, 20 The associations between the PROMS-S total score and years of musical training, music qualifications, and musicianship status were r = 0.42 (P < 0.01), r = 0.42 (P < 0.001), and r = 0.46 (P < 0.001), respectively. The association between the composite index score of the three variables and the PROMS-S was r = 0.55 (P < 0.001). The correlations are similar to those reported between the PROMS 3 and the same three criterion variables, which were r = 0.42, r = 0.41, and r = 0.63, respectively, and between the Brief-PROMS 20 and years of musical training and musicianship status, which were r = 0.41 and r = 0.48, respectively (music qualifications were not assessed in that study).
Discussion
The test items selected for inclusion in the PROMS-S in study 1 led to a test with adequate psychometric properties when administered on their own account. Specifically, internal consistency and test-retest reliability were excellent for the total test score. Unsurprisingly, the reliability coefficients for the individual subtests were less impressive given the relatively small number of trials. Even so, only the retest value for the subtest tuning was at the margins of acceptability. Support for test validity was provided by moderately strong associations between the PROMS-S and external indicators of musical proficiency.
Study 3
In study 3, we sought to establish whether the PROMS-S could be effectively administered to people taking the test from their homes via the Internet. Web-based data collection has several advantages, including the ability to (1) reach more diverse samples, as well as rare or specific subpopulations; (2) recruit larger number of participants who provide higher statistical power; (3) conduct crosscultural studies without major recruiting challenges; and (4) run studies more quickly and inexpensively. To test the suitability of a Web-based administration of the PROMS-S, we ensured that participants took the test remotely from different locations, using different browsers and operating systems.
A second goal of study 3 was to examine test validity more broadly than in study 2. To this end, we added a measure of fluid intelligence and a new questionnaire that was specifically designed to capture two distinct aspects of musicality: music appreciation and musical competence. We expected to find higher associations between the PROMS-S and the musical competence component of the questionnaire (convergent validity) than between the PROMS-S and the music appreciation component or fluid intelligence (discriminant validity).
Methods
Participants.
The initial sample comprised 252 participants (146 females) aged 17-64 years (mean = 25.77, SD = 8.90). Of these, 14 were removed because of either excessively long test durations (>3 SD, n = 10) or the duration not being recorded for technical reasons (n = 4). The final sample thus consisted of 238 participants aged 17-64 years (mean = 25.60, SD = 8.69). In total, 201 (84.5%) participants were students or had at least one university degree. Fields of study included psychology, biology, physics, languages, informatics, education, and social sciences. Participants without college education were employed in the fields of administration, child care, health service, mechanics, and retailing. The musical experience and background of the participants varied. Twenty-nine participants (12.2%) considered themselves to be nonmusicians, 96 (40.3%) music-loving nonmusicians, 81 (34.0%) amateur musicians, 25 (10.5%) semiprofessional musicians, and seven (2.9%) professional musicians.
Measures PROMS-S. The PROMS-S was the same as described in section "Study 2" (Methods). In view of administering the battery over the Web, pretests were conducted to ensure that test instructions and trials were delivered faultlessly across different browsers and operating systems. To this end, 15 individuals were instructed to take the PROMS-S using different browsers (Chrome, Safari, Firefox, Internet Explorer, Edge) and operating systems (Windows, Mac) and provided feedback on stimulus delivery and display. From this feedback, the code was slightly modified to reduce loading times and improve layout across all of the above-mentioned browsers. All subtests were preceded by three practice trials. In response to suggestions made by participants in study 2, who felt that practice trials would be more helpful if followed by feedback, participants received feedback about the correctness of their answers to the practice trials.
Advanced Progressive Matrices. To test fluid intelligence, Raven's Advanced Progressive Matrices (APM) were administered in the short form devised by Arthur and Day. 24 It consists of 12 matrices that are presented in ascending order of difficulty. Each matrix comprises nine geometric patterns that follow various logical rules. On each item, the bottom-right piece of the matrix is missing, and the participant has to select the correct piece to complete the matrix among eight alternatives. The internal consistency obtained in this sample was α = 0.75.
Musical background.
The extent of participants' previous musical experience and instruction was measured with the same questions as in the previous study (see section "Study 2," Measures).
Music-Mindedness Questionnaire (MMQ).
This questionnaire was inspired by a literature review suggesting that musicality may refer not only to musical competence, such as in perceiving or producing music, but also to appreciation of music. 4, 25 Four items were designed to measure music appreciation: (1) "Musical experiences belong to the most precious experiences in my life;" (2) "Without music, my life would be meaningless;" (3) "The emotions I feel when listening to my favorite music can be as intense as those I experience when I am in love;" and (4) "Music touches me unlike anything else." Another four items were chosen to measure music competence: (1) "I can tell when an instrument is out of tune;" (2) "Overall I consider myself unmusical" (Reverse); (3) "My sense of rhythm is not the best" (Reverse); and (4) "I can easily reproduce a song that I have only heard once." Procedure Participants were recruited via an email announcement to staff and students of all faculties and via postings on social media platforms, such as Facebook. The test was administered online, and participants completed the test battery autonomously. Participants were asked to complete the test battery in a quiet environment and to use headphones for the whole test. At the beginning of the test battery, general instructions were provided in written form. These included sound calibration instructions to allow participants to adjust the volume to a comfortable level, as well as instructions about the musical trials. These general instructions were supplemented by specific instructions presented at the beginning of each of the subtests and by practice trials relating to each subtest. Informed consent was obtained from all participants before measurement. In the course of the study, we noticed that one of the eight Rhythm subtest stimuli differed from those used in study 2.
After noticing the error, we replaced the stimulus with the intended one for all remaining participants. The results differed only negligibly as function of the stimulus replacement (see note to Table 3) .
Results
Descriptive statistics and psychometric properties. Table 3 shows raw scores, d´scores, and internal consistency values for the total PROMS-S score and for the individual subtests. Apart from the rhythm subtest, on which men scored higher than women (men 4.89 vs. women 4.48; t(236) = 2.1, P = 0.04, d = 0.27), no other significant gender differences were found (ts < 1.5, ns). Subtest intercorrelations were moderate and similar to those obtained in study 2 (Table S2 ).
Convergent and discriminant validity.
To examine convergent and discriminant validity, we first factor analyzed the eight statements of the MMQ by using a principal components analysis with varimax rotation. Two factors met the Kaiser criterion (eigenvalues > 1) and were also clearly suggested by the scree plot. The four items loading on each factor clearly reflected music appreciation and music competence (Table S3) . Given the good internal consistencies of the items forming each factor (α > 0.80; Table S3 ), we combined them into two composite scales and examined their respective associations with the PROMS-S total score. The PROMS-S total score correlated substantially with the Music Competence scale (r = 0.58, P < 0.001) and moderately with the Music Appreciation scale (r = 0.29, P < 0.001). Because the Competence and the Appreciation scales were sizably intercorrelated (r = 0.46, P < 0.001), we next examined the unique variance associated with each of the scales. To this end, we ran a multiple linear regression with the PROMS total score as the outcome variable and the two self-report scales as the predictor. When both variables were entered simultaneously, only the competence scale maintained a significant association with the PROMS (β = 0.56, P < 0.001), whereas the appreciation scale ceased to explain variance in the PROMS (β = 0.03, ns).
Next, we analyzed discriminant validity in relation to the APM. We found a modest correlation between the APM and the PROMS-S total score (r = 0.27, P < 0.001), which is consistent with previously reported associations between musical ability and IQ (e.g., Refs. 1 and 26). Taken together, these findings suggest that, rather than measuring general cognitive ability or unspecific music mindedness, the PROMS-S specifically assesses musical ability, supporting its discriminant validity.
Criterion validity
To examine criterion validity, we correlated the PROMS-S scores with the same external indicators of musical training and proficiency used in study 2. The associations for years of musical training, musical qualification, and musicianship status were r = 0.34, r = 0.31, and r = 0.49 (Ps < 0.001), respectively. The association between the composite index score of the three variables and the PROMS-S was r = 0.46 (P < 0.001).
Discussion
The psychometric properties obtained in this study were similar to those of study 2 when the PROMS-S was delivered in a controlled laboratory environment. These results suggest that the PROMS-S can be successfully administered over the Internet, thereby enhancing speed, reach, and cost-effectiveness. Examinations of validity were encouraging. In support of convergent and discriminant validity, correlations between the PROMS-S and the Music Competence subscale of the MMQ were much stronger than were the correlations with the Music Appreciation subscale of the questionnaire or the APM.
Study 4
Relative to the earlier PROMS, the test-taking time of the PROMS-S was halved to about 25-30 minutes. Although this is a substantial reduction, an even shorter measure might be desirable for certain contexts or applications. For example, children and older adults may lack the attentional resources to complete a test of this length. In addition, for researchers wanting to use the PROMS in combination with other measures in an assessment battery, brevity is pivotal. Finally, administering the full range of subtests might not always be a key requirement for researchers who want an overall assessment of perceptual musical ability. For these reasons, we examined the psychometric properties of an even shorter battery.
The shorter battery was modeled after the Brief-PROMS, a version of the original PROMS that includes only four subtests: melody, tuning, tempo, and accent. These subtests had been selected for their strong association with the full-length PROMS and for their robustness against acoustic variations in testing environments (see Ref. 3) . The Brief-PROMS was found to exhibit good reliability and validity in two studies. 3, 20 In contrast to the Brief-PROMS that used the full-length 18-trial subtests, the current study used the shortened 8-to 10-trial scales developed in the context of studies 1-3. To distinguish this version from the Brief-PROMS and the PROMS-S, we refer to it as the Mini-PROMS.
Although the psychometric properties of the subtests selected for the Mini-PROMS were examined in studies 2 and 3, these properties will not necessarily generalize to a new cross-validation sample. Further, in study 2, the test-retest reliability of the subtest tuning was unsatisfactory (test-retest reliability was not examined in study 3). Therefore, we decided to reexamine test-retest reliability. Finally, study 4 also served to gather additional evidence about the empirical validity of the test when it is delivered online.
Methods
Participants.
The sample comprised 150 participants (78 females and 72 males) aged 16-63 years (mean = 27.63, SD = 8.80). Most were students or had at least one university degree (n = 134). About one-third of participants considered themselves to be nonmusicians (n = 58); slightly over one-third described themselves as amateur musicians (n = 60), while about one-fifth were semiprofessional (n = 26) or professional musicians (n = 6). 
Procedure
Participants were recruited via a university-wide mailing. Upon activating the link to the test, participants were exposed to the same written instructions provided in the previous studies. Each of the four subtests was preceded by a practice trial. Thirty-one participants (17 females and 14 males) aged 18-53 years (mean = 26.45, SD = 6.76) took part in a retest session 7-35 days (mean = 15.71, SD = 6.16) after the initial testing. On average, the test duration of the Mini-PROMS was 15.92 min (SD = 3.97). Table 4 reports descriptive data and internal consistency values. Overall, the values for the subtests were similar to those obtained in studies 2 and 3. The subtest Tuning achieved a higher test-retest reliability than that obtained in study 2 (r tt s = 0.63 vs. 0.47). Intercorrelations among the four subtests were moderate in size, with coefficients ranging from r = 0.33 to r = 0.51 (mean r = 0.41, SD = 0.06 (Table S4) ). In the subtest Accent, men had higher scores than women did (men 6.83 vs. women 6.21, t = 2.92, P = 0.02; d = 0.38), but no other gender differences were found (ts < 1.5; Ps > 0.20).
Results
To examine the validity of the Mini-PROMS, we correlated the total score with the same external indicators of musical training and proficiency that were measured in studies 2 and 3. The associations for years of musical training, musical qualification, and musicianship status were r = 0.51, r = 0.45, and r = 0.58, respectively (all Ps < 0.001). The association between the composite of these three measures and the Mini-PROMS total score was r = 0.61 (P < 0.001). Because the items and subtests included in the Mini-PROMS were also used in the previous studies as part of the PROMS-S (Tables 2 and 3) , it was possible to examine the performance of the Mini-PROMS total score retrospectively. Test-retest reliability of the Mini-PROMS total score was r = 0.87 in study 2 (study 3 had no retest component). Internal consistency reliability was ω = 0.87 and ω = 0.86 in studies 2 and 3, respectively. The associations between the Mini-PROMS total score and the musical background composite index were r = 0.52 and r = 0.48 in studies 2 and 3, respectively (both Ps < 0.001). These figures provide further support for the validity and reliability of the Mini-PROMS.
Discussion
The psychometric properties and validity findings for the Mini-PROMS were in line with those obtained for the same four subtests in studies 2 and 3. Thus, the particular combination of subtests characterizing the Mini-PROMS can be regarded as a test that may be safely administered in its own right. Inevitably, shortening a test affects reliabilities, and this explains the somewhat lower reliability coefficients for the total score compared with those for the PROMS-S. Although the individual subtests were psychometrically less precise, the degree of error would not preclude their use for research purposes. Importantly, reducing the number of subtests from eight to four did not affect test criterion validity. Finally, the online administration of the Mini-PROMS worked well, just as it had in study 3.
In conclusion, the Mini-PROMS is a tool for the assessment of music perception skills that balances the needs for validity and expediency. However, it should be noted that there is no prescribed way in which PROMS subtests may be combined. As described below, the PROMS is a modular tool that offers researchers the possibility to combine any number of subtests or even use only one of the subtests in their research.
General discussion
Researchers are increasingly interested in measuring musical ability and in understanding its relationships to aspects of neural, cognitive, and emotional functioning. They must therefore rely on reliable, valid, but also time-effective techniques for the assessment of musical abilities. To this end, we developed and evaluated two brief online measures of musical ability, the PROMS-S and the Mini-PROMS. So as to prevent confusion in discussing the relative merits of these measures relative to the previous PROMS measures, Table 5 provides an overview of the names and characteristics of the various PROMS instruments.
Taken together, the psychometric properties of these instruments were satisfactory. Specifically, internal consistencies and test-retest reliabilities were good to excellent for the total score and were mostly adequate for subtests. There was some attenuation in reliability relative to the full-length PROMS, but it was limited, as can be seen in Table 6 . It is also worth comparing the reliabilities of the test when it was administered online, as in studies 3 and 4, and when it was administered in the laboratory, as in study 2. Although some values dropped slightly in the online studies, overall, the results held up well. Using multiple validation strategies in the evaluation of musicality measures is crucial owing to the lack of a gold standard against which new tests of musical ability may be measured. In the present studies, we found evidence for convergent, discriminant, and criterion validity of the two short measures. These results complement previous evaluations, such as the PROMS' discriminant validity against short-term and working memory, 20 its discriminant validity against generic auditory abilities, 3 and convergent validity with other musical ability tests. 3 Criterion validity with a composite index of musical accomplishment ranged from r = 0.46 to r = 0.61 in the current studies, which is consistent with the size of correlations of the full-length PROMS 3 and the Brief-PROMS 20 to similar criterion variables.
Advantages of objective assessments in research on musical ability
Using standardized objective measures of musical ability in current research on mental or neural processes has several advantages. First, it can help to improve sensitivity. As is shown in Figure 2 , we found an appreciable number of musically gifted people among nonmusicians in the current studies. Like musicians that are misclassified as nonmusicians, such "musical sleepers" will tend to enhance the performance of nonmusicians, thereby attenuating effect size estimates for group differences between musicians and nonmusicians. By assessing musical ability directly, rather than by inferring it from professional group membership, sensitivity is enhanced and the likelihood of Type II errors reduced. Second, multidimensional tests can help to particularize the musical skills involved in relationships between musical and other abilities or impairments. For example, dyslexia seems primarily related to impairments in the perception and reproduction of rhythm rather than to other musical impairments. 27 Third, associations between music training and nonmusical abilities are difficult to interpret without knowledge of participants' musical aptitude. For example, a substantial fraction of the association between music training and intelligence can be accounted for by individual differences in music aptitude. 28 Another difficulty in interpreting correlations between music training and nonmusical abilities is that children with high levels of musical aptitude might be more likely than other children to take music lessons. In experimental research on effects of musical training, standardized measures of musical ability can help to clarify whether benefits of music training are actually due to improvements in musical ability rather than to other features of musical training. 28 Finally, measurement sophistication is oddly imbalanced in much current research on correlates of musical ability, with musical ability assessed by roughly dividing participants into musicians and nonmusicians, and correlates measured with advanced instrumentation on continuous scales. Using standardized tests can help to redress this imbalance.
Strengths and limitations
Several features make the online measures introduced here particularly suitable for the study of musical ability and its ramifications. First, like the PROMS, the PROMS-S assesses a wider range of musical skills than any other instrument currently in use, such as the Musical Ear Test (MET), 15 the Swedish Musical Discrimination Test (SMDT), 16 or the Goldsmith Musical Sophistication Index (GOLD-MSI). 17 For instance, the PROMS includes four subtests capturing timing-related capacities (Rhythm, Embedded Rhythms, Accent, and Tempo), for a nuanced assessment of temporal skills. Subtests for measuring discrimination skills in timbre and tuning are unique to the PROMS and have been shown to predict key aspects of musical intelligence. For example, the capacity to solve a harmonic resolution task was predicted not so much by performance on subtests measuring skills in tonal memory or timing as it was predicted by performance on the subtest Tuning. 20 The length of the PROMS has been cited as a disadvantage compared with other instruments, 20 but this disadvantage has been largely eliminated by the development of the current PROMS-S and the Mini-PROMS.
Second, the PROMS has undergone more rigorous psychometric testing compared with its peer instruments. Specifically, no analyses of discriminant and convergent validity have been reported for the SMDT and the GOLD-MSI. Test-retest values are missing in the psychometric descriptions relating to the MET and the SMDT. The relatively extensive psychometric documentation available for the PROMS measures will help researchers understand its relative merits and limitations. Thus, evidence relating to the discriminant validity of the PROMS can help researchers rule out the involvement of skills other than musical ones, such as working memory or general auditory acuity.
Third, the PROMS-S and the Mini-PROMS have a number of practical advantages that set them apart from other musical ability instruments. A particularly convenient new feature called Modular PROMS offers researchers the possibility to request customized batteries that may include any combination of the subtests. 29 Apart from the flexibility in content, this feature also allows researchers to vary the duration of the test from as little as 4-5 min (if only one subtest is included) to 25-30 min (if all subtests of the PROMS-S are included). Furthermore, the instruments are completely administered and scored online without the need for an administrator. These properties allow for applications of the tools beyond the laboratory, such as in medical settings, schools, or at event centers.
Researchers who are interested in using the test for research purposes receive a unique URL that provides access to their own uses of the PROMS. Questions or questionnaires that are of interest to researchers can be easily added to the musical battery. The data are securely stored on a university server and the data collected can be downloaded at any time as an Excel or an SPSS file. Finally, the new tools are available in several languages, at present in English, French, German, Italian, Japanese, Norwegian, Russian, and Spanish. There are some limitations to the current research. While the results demonstrated levels of test-retest reliability and internal consistency that are adequate for research purposes, more refinement would be needed to improve subtest reliability to the level needed for individual assessment and decision making. 30 Further, evidence relating to convergent and discriminant validity was partly based on associations with a self-report instrument. Associations between a direct ability measure and one that asks individuals to rate their abilities are informative but cannot be considered conclusive. For this reason, these findings should be considered in conjunction with earlier findings supporting the convergent and discriminant validity of the PROMS. 3, 20 It is also important to examine whether the PROMS-S and the Mini-PROMS preserve their psychometric properties in samples with a wider age range and more ethnic and educational diversity, as well as when they are used in different languages.
Finally, it is important to keep in mind that the PROMS measures perceptual musical abilities, which is one aspect of musicality. Current definitions of musicality encompass components other than perceptual ones, such as abilities in the domains of creating and performing music (e.g., Refs. 18 and 31). Devising tasks for measuring these abilities poses considerable challenges, especially if they are to be delivered online and to musical novices. Although attempts at solving these challenges might not immediately succeed, they are important avenues for future research that will add to our understanding of the nature and correlates of musical ability. 
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